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(54) MANUFACTURE OF SEMICONDUCTOR UGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method by which 
a semiconductor light emitting element that can reduce the 
surface levels of the end faces of a resonator and can 
improve the optical loss level, reliability, and characteristics 
of the resonator can be manufactured. 
SOLUTION: In a method for manufacturing an AIGaAs 
semiconductor laser having a window structure, oxide films 
are removed from the end faces 8 of a resonator by heat- 
treating the end faces 8 in a phosphorus-containing 
atmosphere and, at the same time, the end faces 8 are 
nonactivated by forming phosphorus adsorbing layers 10 
after the end faces 8 are formed in a semiconductor layer 
constituting a laser structure. After the phosphorus 
adsorbing layers 1 0 are removed from the end faces 8 in a 
MOOVD(metal organic chemical vapor deposition) system, 
Alx3Ga1-x3As films 1 1 which become window layers are 
continuously formed on the end faces 8. It is possible to 

treat the end faces 8 with plasma in the phosphorus- _ 
containing atmosphere instead of heat-treating the end 

faces 8 in the same atmosphere. At the time of forming window layers composed of AIGalnP films 
on the end faces 8, it is possible to grow substantial AIGalnP films by introducing all raw materials 
used for the growth of AIGalnP to the MOCVD system after a phosphorus-containing raw material 
of the raw materials is introduced to the system for a prescribed period of time. 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
dsuaages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim 1] The manufacture approach of the semi-conductor light emitting device characterized by to 
have the process which forms the window layer which consists of a semi-conductor which does not 
absorb the light by which outgoing radiation is carried out from the passivation film or the above- 
mentioned resonator end face to the process which heat-treats Lynn in the ambient atmosphere include, 
and the above-mentioned resonator end face in the process into which the semi-conductor layer which 
forms light emitting device structure on a substrate grows up, the process which form a resonator end 
face in the semi-conductor layer which forms the above-mentioned light emitting device structure, and 
the above-mentioned resonator end face. 

[Claim 2] The semi-conductor layer which forms the above-mentioned light emitting device structure is 
the manufacture approach of the semi-conductor light emitting device according to claim 1 characterized 
by consisting of a group III-V semiconducter or a nitride system group III-V semicondiicter. 
[Claim 3] The above-mentioned window layer is the manufacture approach of the semi-conductor light 
emitting device according to claim 1 characterized by consisting of a group III-V semiconducter or a 
nitride system group III-V semiconducter. 

[Claim 4] The manufacture approach of the semi-conductor light emitting device according to claim 1 
characterized by performing the process which heat-treats the above-mentioned resonator end face in an 
ambient atmosphere including Lynn at temperature lower than the growth temperature of the semi- 
conductor layer which forms the above-mentioned light emitting device structure. 
[Claim 5] The manufacture approach of the semi-conductor light emitting device according to claim 1 
characterized by performing the process which heat-treats tiie above-mentioned resonator end face in an 
ambient atmosphere including Lynn, and the process which forms the above-mentioned passivation film 
or the above-mentioned window layer in the above-mentioned resonator end face at the same processing 
room. 

[Claim 6] The manufacture approach of the semi-conductor light emitting device according to claim 1 
characterized by having the process which removes Lynn adhering to the above-mentioned resonator 
end face further before forming the above-mentioned passivation film or the above-mentioned window 
layer in the above-mentioned resonator end face, after heat-treating the above-mentioned resonator end 
face in an ambient atmosphere including Lynn. 

[Claim 7] The manufacture approach of the semi-conductor light emitting device according to claim 6 
characterized by performing the process which removes Lynn adhering to the above-mentioned 
resonator end face at temperature lower than the growth temperature of the semi-conductor layer which 
forms the above-mentioned light emitting device structure. 

[Claun 8] The manufacture approach of the semi-conductor light emitting device according to claim 6 
characterized by performing the process which removes Lynn adhering to the above-mentioned 
resonator end face, and the process which forms the above-mentioned passivation film or the above- 
mentioned window layer m the above-mentioned resonator end face at the same processing room. 
[Claun 9] The manufacture approach of the semi-conductor light emitting device according to claim 6 
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characterized by performing the process which heat-treats the above-mentioned resonator end face in an 
ambient atmosphere including Lynn, the process which removes Lynn adhering to the above-mentioned 
resonator end face, and the process which forms the above-mentioned passivation fihn or the above- 
mentioned window layer in the above-mentioned resonator end face at the same processing room. 
[Claim 10] An ambient atmosphere including above-mentioned Lynn is the manufacture approach of the 
semi-conductor light emitting device according to claim 1 characterized by being constituted by the 
mixed gas containing phosphoretted hydrogen gas, tertiary butyl phosphoretted hydrogen gas, or these. 
[Claim 1 1] The manufacture approach of the semi-conductor light emitting device characterized by to 
have the process which forms the window layer which consists of a semi-conductor which does not 
absorb the process into which the semi-conductor layer which forms light emitting device structure on a 
substrate grows up, the process which form a resonator end face in the semi-conductor layer which 
forms the above-mentioned light emitting device structure, the process which carry out the plasma 
treatment of the above-mentioned resonator end face in an ambient atmosphere including Lynn, and the 
light by which outgoing radiation is carried out from the passivation fihn or the above-mentioned 
resonator end face to the above-mentioned resonator end face. 

[Claim 12] The semi-conductor layer which forms the above-mentioned light emitting device structure 
is the manufacture approach of the semi-conductor light emitting device according to claim 1 1 
characterized by consisting of a group III-V semiconducter or a nitride system group III-V 
semiconducter. 

[Claim 13] The above-mentioned window layer is the manufacture approach of the semi-conductor light 
emitting device according to claim 1 1 characterized by consisting of a group III-V semiconducter or a 
nitride system group III-V semiconducter. 

[Claim 14] The manufacture approach of the semi-conductor light emitting device according to claim 1 1 
characterized by performing the process which carries out plasma treatment of the above-mentioned 
resonator end face in an ambient atmosphere including Lynn at temperature lower than the growth 
temperature of the semi-conductor layer which forms the above-mentioned light emitting device 

structure. i n 

[Claim 15] The manufacture approach of the semi-conductor light emitting device according to claim 1 1 
characterized by performing the process which carries out plasma treatment of the above-mentioned 
resonator end face in an ambient atmosphere including Lynn, and the process which forms the above- 
mentioned passivation film or the above-mentioned window layer in the above-mentioned resonator end 
face at the same processing room. i n 

[Claim 16] The manufacture approach of the semi-conductor light emitting device according to claim 1 1 
characterized by having the process which removes Lynn adhering to the above-mentioned resonator 
end face fiirther before forming the above-mentioned passivation film or the above-mentioned window 
layer in the above-mentioned resonator end face, after carrying out plasma treatment of the above- 
mentioned resonator end face in an ambient atmosphere including Lynn. 

[Claim 17] The manufacture approach of the semi-conductor light emitting device according to claim 16 
characterized by performing the process which removes Lynn adhering to the above-mentioned 
resonator end face at temperature lower than the growth temperature of the semi-conductor layer which 
forms the above-mentioned light emittmg device structure. 

[Claim 18] The manufacture approach of the semi-conductor light emitting device according to claim 16 
characterized by performing the process which removes Lynn adhering to the above-mentioned 
resonator end face, and the process which forms the above-mentioned passivation film or the above- 
mentioned window layer in the above-mentioned resonator end face at the same processing room. 
[Claim 19] The manufacture approach of the semi-conductor light emitting device according to claim 16 
characterized by performing the process which carries out plasma treatment of the above-mentioned 
resonator end face in an ambient atmosphere including Lynn, the process which removes Lynn adhering 
to the above-mentioned resonator end face, and the process which forms the above-mentioned 
passivation fihn or the above-mentioned window layer in the above-mentioned resonator end face at the 
same processing room. 
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[Claim 20] An ambient atmosphere including above-mentioned Lynn is the manufacture approach of the 
semi-conductor light emitting device according to claim 1 1 characterized by being constituted by the 
mixed gas containing phosphoretted hydrogen gas, tertiary butyl phosphoretted hydrogeri gas, or these. 
[Claim 21] The process into which the semi-conductor layer which forms light emittmg device stmcture 
on a substrate is grown up, and the process which forms a resonator end face in the semi-conductor layer 
which forms the above-mentioned light emitting device structure, The window layer which consists of a 
semi-conductor which does not absorb the light by which outgoing radiation is earned out to a 
configuration element firom the above-mentioned resonator end face at the above-mentioned resonator 
end face at the passivation fihn or configuration element which consists of an ingredient including Lynn, 
including Lynn is formed. Under the present circumstances, after carrying out predetermined time 
installation of the raw material which includes Lynn among the raw materials used for formation of ttie 
above-mentioned passivation fihn or the above-mentioned window layer in the processing interior of a 
room the above-mentioned passivation film or for the above-mentioned window layer formation, The 
manufacture approach of the semi-conductor light emitting device characterized by having the process 
which introduces into the above-mentioned processing interior of a room all the raw matenals used for 
formation of the above-mentioned passivation film or the above-mentioned window layer, and performs 
substantial formation of the above-mentioned passivation film or the above-mentioned wmdow layer. 
[Claim 22] The above-mentioned semi-conductor layer is the manufacture approach of the semi- 
conductor light emitting device according to claim 21 characterized by consisting of a group III-V 
semiconducter or a nitride system group III- V semiconducter. 

[Claim 23] The above-mentioned window layer is the manufacture approach of the semi-conductor light 
emitting device according to claim 21 characterized by consisting of the group III-V semiconducter or 
nitride system group III-V semiconducter who includes Lynn in a configuration element. 
[Claim 24] The above-mentioned window layer is the manufacture approach of the semi-conductor light 
emitting device according to claim 2 1 characterized by consisting of AlGalnP. 
[Claim 25] A raw material including above-mentioned Lynn is the manufacture approach of the semi- 
conductor light emitting device according to claim 21 characterized by being phosphoretted hydrogen 
gas or tertiary butyl phosphoretted hydrogen gas. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION _____ 

[Detailed Description of the Invention] 

^ield of the Invention] Especially this invention is applied to manufacture of the semi-conductor light 
emitting device \\^ch formed the passivation film or a window layer in the resonator end face about the 
manufacture approach of a semi-conductor light emitting device, and is suitable. 

[0002] ^ . _ 

[Description of the Prior Art] In semiconductor laser, the problem of degradation of a resonator end tace 
is known as one of the factors to which a component life and dependability are reduced. This end-face 
degradation has chronic degradation to which oxidation advances in a resonator end face, rapid 
degradation by which a resonator end face is destroyed m an instant when operating semiconductor laser 
with the Takamitsu power density, and the so-called optical damage (COD and Catastrophic Optical 

Damage). . 
[0003] As this cure, conventionally, it sets to semiconductor laser and is alummum 203 to a resonator 
end face. Passivation film like the film is prepared and the device which suppresses advance of the 
oxidation in a resonator end face is made. Moreover, for example, in order to raise COD level in the 
semiconductor laser of a high power mold, the device to which the light by which outgoing radiation is 
carried out to a resonator end face from this resonator end face is not absorbed and which in other words 
the window layer which consists of a large semi-conductor of a band gap rather than a barrier layer is 
prepared, and reduces the optical consistency in a resonator end face is usually made. 

[0004] : ■ r-A A 

[Problem(s) to be Solved by the Invention] However, even if it establishes the passivation tiim and a 
window layer in a resonator end face as mentioned above and suppresses end-face degradation, if the 
oxide film is made into the resonator end face before the process which forms the passivation film or a 
window layer from the process which forms a resonator end face, surface level is formed in a resonator 
end face with this oxide fihn, and the effectiveness expected by preparing the passivation fikn and a 
window layer, for example, the improvement effectiveness of COD level etc., cannot fiiUy be acquired. 
For this reason, in order for the conventional technique to draw out the passivation effectiveness and the 
aperture effectiveness to the maximum extent, it had to be consistent in the process conditions and the 
environment where oxygen was removed, firom formation of for example, a resonator end face to 
formation of the passivation fihn or a window layer had to be performed, and there was a problem that 
an expensive facility and advanced management were required and the manufacturing cost of 
semiconductor laser rose. . 
[0005] Then, while removing an oxide film from a resonator end face by carrying out wet processing ot 
the resonator end face as the technique of the ability manufacturing reliable semiconductor laser using 
the solution containing sulfiir (S) by low cost, without using the consistent process accompanied by such 
an expensive facility and advanced management, the technique (for example, patent No. 2680971) 
which controlled scaling by the surface trap of S atom or S molecule is proposed. 
[0006] However, for example in the semiconductor laser using a group III-V semiconducter like 
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AlGaAs system semiconductor laser or AlGalnP system semiconductor laser, sulfur is the matter used as 
n mold impurity, when incorporated by the semi-conductor layer which forais laser structure. Therefore, 
after sulftir has remained, heat treatment etc. is performed to a resonator end face, and when activated 
within the semi-conductor layer in which this sulfur fomis laser structure, it becomes the cause of 
generating of the leakage current in a resonator end face. Moreover, when a window layer etc, is grown 
up into a resonator end face in the condition that sxilfur remains, sulfur sublimates with the heat at the 
time of the growth, the sulfiir which is n mold impurity disperses in growth equipment, and there is a 
problem of causing contamination of a system. Moreover, by grovnng up incorporating the sulfur which 
the window layer sublimated in this case, the n-type-semiconductor layer besides predetermined will be 
formed near the resonator end face, and leakage cxirrent occurs also by this. 
[0007] Furthermore, as for the solution containing the sulfur used for wet processing, itself has the 
etching effectiveness. Laser structure is formed by on the other hand usually carrying out the laminating 
of two or more semi-conductor layers from which a presentation differs in semiconductor laser. 
Therefore, between each semi-conductor layer from which a presentation differs, since the etching rates 
by the solution containing sulfur also differ, when wet processing of the resonator end face is carried out 
using the solution containing this sulfur, a level difference is formed in a resonator end face. Thus, if a 
level difference is formed in a resonator end face, since loss of light will arise in a resonator end face, a 
laser property gets worse too. 

[0008] Therefore, the purpose of this invention can reduce the surface level of a resonator end face, and 
is to offer the manufacture approach of a semi-conductor light emitting device that improvement in an 
optical damage level, dependability, and a property can be aimed at. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the manufacture 
approach of the semi-conductor light emitting device by invention of the 1st of this invention The 
process into which the semi-conductor layer which forms light emitting device structure on a substrate is 
grown up, and the process which forms a resonator end face in the semi-conductor layer which forms 
light emitting device structure. It is characterized by having the process which forms the window layer 
which consists of a semi-conductor which does not absorb the process which heat-treats a resonator end 
face in an ambient atmosphere including Lyrm, and the light by which outgoing radiation is carried out 
to a resonator end face from the passivation fihn or a resonator end face. 

[0010] The manufacture approach of the semi-conductor light emitting device by invention of the 2nd of 
this invention The process into which the semi-conductor layer which forms light emitting device 
structure on a substrate is grown up, and the process which forms a resonator end face in the semi- 
conductor layer which forms light emitting device structure, It is characterized by having the process 
which forms the window layer which consists of a semi-conductor which does not absorb the process 
which carries out plasma treatment of the resonator end face in an ambient atmosphere including Lynn, 
and the light by which outgoing radiation is carried out to a resonator end face from the passivation fihn 
or a resonator end face. 

[001 1] The manufacture approach of the senii-conductor light emitting device by invention of the 3rd of 
this invention The process into which the semi-conductor layer which forms light emitting device 
structure on a substrate is grown up, and the process which forms a resonator end face in the semi- 
conductor layer which forms light emitting device structure, The window layer which consists of a semi- 
conductor which does not absorb the light by which outgoing radiation is carried out to a configuration 
element fi-om a resonator end face at a resonator end face at the passivation film or configuration 
element which consists of an ingredient including Lynn, including Lynn is formed. Under the present 
circmnstances, after carrying out predetermined time installation of the raw material which includes 
Lynn among the raw materials used for formation of the passivation film or a window layer in the 
processing interior of a room for the passivation film or window layer formation. It is characterized by 
having the process which introduces into the processing interior of a room all the raw materials used for 
formation of the passivation film or a window layer, and performs substantial formation of the 
passivation film or a window layer. 
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[0012] In this invention, the semi-conductor layer which forms light emitting device structure consists of 
tiie 1st cladding layer of the 1st conductivity type on a substrate, a barrier layer on this, and the 2nd 
cladding layer of Ae 2nd conductivity type on this at least. The semi-conductor layer which forms such 
light emitting device structures is typically grown up by the organic metal chemical-vapor-deposition 
method or the molecular beam epitaxy method. As an ingredient of the semi-conductor layer which 
forms such light emitting device structures, although a group III-V semiconducter is used typically, 
depending on the case, a nitride system group III-V semiconducter may be used. Here, a group III-V 
semiconducter consists of at least one kind of III group element chosen from the group which consists of 
Ga, aluminum. In, and B, and at least one kind of V group element chosen from the group which 
consists of As and P. Moreover, a nitride system group III-V semiconducter consists of at least one kind 
of III group element chosen from the group which consists of Ga, aluminum, In, and B, and a V group 
element which contains As or P further depending on the case, including N at least. That is, this 
invention is applicable also to manufacture of the GalnAs system semi-conductor light emitting device 
of a long wavelength region, an InP system semi-conductor light emitting device, and ftirther the GaN 
system semi-conductor light emitting device for which light can be emitted blue as well as manufacture 
of the AlGaAs system semi-conductor light emitting device used for the light source of an optical disk 
unit etc., or the AlGalnP semi-conductor light emitting device in which red luminescence is possible. 
[0013] this invention - setting - as the ingredient of the passivation film - aluminum 203, Si02, and 
Si3 N4 etc. - it is used. This passivation film is formed of vacuum deposition, a chemical-vapor- 
deposition method, or plasma chemistry vapor growth. Moreover, in this invention, a group III-V 
semiconducter or a nitride system group III-V semiconducter is suitably used as an ingredient of a 
window layer. This window layer is formed by for example, the organic metal chemical-vapor- 
deposition method or the molecular beam epitaxy method. 

[0014] In invention of the 1st of this invention, the process which heat-treats a resonator end face in an 
ambient atmosphere including Lynn is suitably performed at temperature lower than the growth 
temperature of the semi-conductor layer which forms light emitting device structure. 
[0015] In mvention of the 1st of this invention, you may carry out at the processing room where the 
process which heat-treats a resonator end face in an ambient atmosphere including Lynn and the process 
which forms the passivation film or a window layer in a resonator end face are separate, and may carry 
out at the same processing room. When performing the process which heat-treats a resonator end face in 
an ambient atmosphere including Lynn, and the process which forms the passivation film or a window 
layer in a resonator end face at the same processing room, these processes can be performed 
continuously at for example, the passivation film or the processing room for window layer formation. 
[0016] In invention of the 1st of this invention, after heat-treating a resonator end face in an ambient 
atmosphere including Lynn, before forming the passivation film or a window layer in a resonator end 
face, Lynn adhering to a resonator end face may be removed. Removal of Lynn adhering to a resonator 
end face can be carried out by heating a substrate and making Lynn sublimate. In this case, as for Lynn 
adhering to a resonator end face, it is desirable to remove at temperature lower than the growth 
temperature of the semi-conductor layer which forms light emitting device structure. Moreover, after 
removing Lynn adhering to a resonator end face, by the time it forms the passivation fibn or a window 
layer in a resonator end face The process which heat-treats a resonator end face in an ambient 
atmosphere including Lynn from a viewpoint which prevents that a resonator end face oxidizes again, 
The process which removes Lynn which adhered to the resonator end face at least among the process 
which removes Lynn adhering to a resonator end face, and the process which forms the passivation film 
or a window layer in a resonator end face, It is desirable to carry out at the same processing room as the 
process which forms the passivation film or a window layer in a resonator end face. When performing 
the process which removes Lynn adhering to a resonator end face, and the process which forms the 
passivation film or a window layer in a resonator end face at the same processing room, these processes 
can be performed continuously at for example, the passivation film or the processing room for window 
layer formation. 

[0017] The process which carries out plasma treatment of the resonator end face in an ambient 
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atmosphere including Lynn in invention of the 2nd of this invention is temperature suitably lower than 
the growth temperature of the semi-conductor layer which forms light emitting device structure, and is 

4c 4c 4c 4^ 4c* 

[001 8] In invention of the 2nd of this invention, you may carry out at the processing room where the 
process which carries out plasma treatment of the resonator end face in an ambient atmosphere including 
Lyrm and the process which forms the passivation fihn or a window layer in a resonator end face are 
separate, and may carry out at the same processing room. When performing the process which carries 
out plasma treatment of the resonator end face in an ambient atmosphere including Lyim, and the 
process which forms the passivation film or a window layer in a resonator end face at the same 
processing room, these processes can be performed continuously at for example, the passivation film or 
the processing room for window layer formation. 

[0019] In invention of the 2nd of this invention, after carrying out plasma treatment of the resonator end 
face in an ambient atmosphere including Lynn, before forming the passivation film or a window layer in 
a resonator end face, Lynn adhering to a resonator end face may be removed. Removal of Lynn adhering 
to a resonator end face can be carried out by heating a substrate and making Lynn sublimate. In this 
case, as for Lynn adhering to a resonator end face, it is desirable to remove at temperature lower than the 
growth temperature of the semi-conductor layer which forms light emitting device structure. Moreover, 
after removing Lynn adhering to a resonator end face, by the time it forms the passivation film or a 
window layer in a resonator end face The process which carries out plasma treatment of the resonator 
end face in an ambient atmosphere including Lynn firom a viewpoint which prevents that a resonator end 
face oxidizes again. The process which removes Lyrm which adhered to the resonator end face at least 
among the process which removes Lynn adhering to a resonator end face, and the process which forms 
the passivation film or a window layer in a resonator end face, It is desirable to carry out at the same 
processing room as the process which forms the passivation film or a window layer in a resonator end 
face. When performing the process which removes Lynn adhering to a resonator end face, and the 
process which forms the passivation film or a window layer in a resonator end face at the same 
processing room, these processes can be performed continuously at for example, the passivation film or 
the processing room for window layer formation. 

[0020] An ambient atmosphere including Lynn is constituted in invention and invention of the 2nd of 
the 1st of this invention by the mixed gas containing for example, phosphoretted hydrogen gas, tertiary 
butyl phosphoretted hydrogen gas, or these. Moreover, in invention of tiie 3rd of this invention, a raw 
material including Lynn is for example, phosphoretted hydrogen gas or tertiary butyl phosphoretted 
hydrogen gas. 

[0021] Since according to invention of the 1st of this invention constituted as mentioned above the oxide 
fihn formed in the resonator end face by heat-treating a resonator end face in an ambient atmosphere 
includmg Lynn is removed after forming a resonator end face in the semi-conductor layer which forms 
light emitting device structure, the surface level of a resonator end face can be reduced. Moreover, it can 
prevent that a resonator end face will oxidize again by the time it forms the PASSHIBESHON fihn or a 
window layer in a resonator end face, since Lynn adheres to the resonator end face after the oxide film 
was removed, a resonator end face is deactivated by this by Lynn and it will be in the condition of being 
hard to oxidize. 

[0022] Since according to invention of the 2nd of this invention constituted as mentioned above the 
oxide film formed in the resonator end face by carrying out plasma treatment of the resonator end face in 
an ambient atmosphere including Lynn is removed after forming a resonator end face in the semi- 
conductor layer which forms light emitting device structure, the surface level of a resonator end face can 
be reduced. Moreover, it can prevent that a resonator end face will oxidize again by the time it forms the 
PASSHIBESHON film or a vmidow layer in a resonator end face, since Lynn adheres to the resonator 
end face after the oxide fihn was removed, a resonator end face is deactivated by this by Lynn and it will 
be in the condition of being hard to oxidize. 

[0023] According to invention of the 3rd of this invention constituted as mentioned above, to a resonator 
end face In case the window layer which consists of a semi-conductor which does not absorb the light by 
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which outgoing radiation is carried out to the passivation film or configuration element which consists 
of an ingredient which includes Lynn in a configuration element from a resonator end face, including 
Lynn is formed By carrying out predetermined time installation of the raw material which includes Lynn 
among the raw materials used for formation of the passivation film or a window layer in advance of 
substantial formation of the passivation film or a window layer in the processing interior of a room for 
the passivation film or window layer formation Since the oxide film formed in tiie resonator end face is 
removed, the surface level of a resonator end face can be reduced. Moreover, it can prevent that the 
resonator end face after the oxide film was removed oxidizes again by being made to perform removal 
of the oxide fihn firom a resonator end face, and formation of the passivation fihn or a window layer at 
the same processing room continuously. 
[0024] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about the operation gestalt 
of this invention. In addition, in the complete diagram of an operation gestalt, the sign identically same 
into a corresponding part is attached. 

[0025] First, the 1st operation gestalt of this invention is explained. Here, the case where the 
manufacture approach of the semi-conductor light emitting device by this invention is applied to 
manufacture of the AlGaAs system semiconductor laser which has aperture structure in a resonator end 
face is explained. This AlGaAs system semiconductor laser has DH (Double Heterostructure) structure. 
Drawing 1 - drawing 4 are the sectional views for explaining the manufacture approach of the 
semiconductor laser by this 1st operation gestalt, and the cross section where drav^ng 1 is perpendicular 
to the direction of cavity length of semiconductor laser, drav^ng 2 - drawing 4 show a cross section 
parallel to the direction of cavity length of semiconductor laser. 

[0026] the manufacture approach of the semiconductor laser by this 1st operation gestah is first shown 
in drawin g 1 A - as - for example, organic metal chemical vapor deposition (MOCVD) - sequential 
growth of the n mold AlxlGal-xl As cladding layer 2, the Alx2Gal-x2As barrier layer 3 of undoping, 
the p mold AlxlGal-xlAs cladding layer 4, and the p mold GaAs cap layer 5 is carried out on the n 
mold GaAs substrate 1 by law. Here, aluminum presentation ratio xl in the n mold AlxlGal-xl As 
cladding layer 2 and the p mold AlxlGal-xl As cladding layer 4 and aluminum presentation ratio x2 in 
the Alx2Gal-x2As barrier layer 3 are filling the relation of 0 <=x2<xl <=1. When an example of such 
xl and x2 is given, it is xl=0.5 and x2=0.L Moreover, Si or Se is introduced into the n mold AlxlGal- 
xl As cladding layer 2 as an n mold impurity, and Zn or Mg is introduced into the p mold AlxlGal- 
xl As cladding layer 4 and the p mold GaAs cap layer 5 as a p mold impurity. 

[0027] Next, as shown in drav^ng 1 B, it is Si02 to the whole surface of the p mold GaAs cap layer 5. 
After forming the film and the SiN fihn, patterning of this is carried out by etching, and the mask (not 
shovm) of the shape of a stripe of predetermined width of face is formed. Next, using this mask, it etches 
by the wet etching method by Mr. Fukashi in the middle of the thickness direction of the p mold 
AlxlGal-xl As cladding layer 4, and patterning of the management of the p mold AlxlGal-xl As 
cladding layer 4 and the p mold GaAs cap layer 5 is carried out to the ridge stripe configuration of the 
predetermined width of face prolonged in an one direction. 

[0028] next, the mask same as shown in drav^ng 1 C as what was used for above-mentioned etching - 
as a growth mask -- using - for example, MOCVD - by law, the n mold GaAs current constriction layer 
6 is grown up so that the part of the both sides of the ridge stripe section may be embedded. Si or Se is 
introduced into this n mold GaAs current constriction layer 6 as an n mold impurity. Then, etching 
removal of the above-mentioned mask is carried out. 

[0029] Next, as shown in drawing 2 A, it is Si02 to the whole surface of the p mold GaAs cap layer 5 
and the n mold GaAs current constriction layer 6 (not shown in drawing 2 A). After forming the fihn 
and the SiN fihn, patterning of this is carried out by etching, and the mask 7 of a predetermined 
configuration is formed. This mask 7 has opening mto the part which forms a resonator end face. 
[0030] next, it is shown in drawing 2 B - as - a mask 7 - as an etching mask using - for example, 
reactive ion etching (RIE) - by law, the n mold GaAs current constriction layer 6, the p mold GaAs cap 
layer 5, the p mold AlxlGal-xl As cladding layer 4, the Alx2Gal-x2As barrier layer 3, and the n mold 
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AlxlGal-xl As cladding layer 2 are etched until the front face of the n mold GaAs substrate 1 is 
exposed. At this time, about 0.5 micrometers of n mold GaAs substrates 1 may be made to be etched, for 
example. While patterning of the semi-conductor layer which forms laser structure is carried out to the 
configuration of a predetermined resonator by this, the resonator end face 8 which consists of an etching 
end face is formed in the both ends of this resonator. As etching gas of this RIE, chlorine-based gas or 
bromine system gas is used, for example. 

[0031] etching at tiie time of forming these resonator end faces 8 here - general - MOCVD -- law and 
MBE - since it is carried out on low-vacuvmi conditions compared with the crystal growth by law, the 
formed resonator end face 8 oxidizes by the oxygen which remains in an ambient atmosphere. 
Moreover, the resonator end face 8 oxidizes also by taking out a substrate in atmospheric air after 
formation of die resonator end face 8. A sign 9 shows tiie oxide film (natural oxidation film) which did 
in this way and was formed in the resonator end face 8. The tiiickness of this oxide film 9 is for 
example, a number atomic layer - dozens atomic layer extent. In addition, in fact, altiiough this oxide 
fihn is formed also in an etching base, in drawing 2 B, only the oxide fihn 9 formed in die resonator end 
face 8 is shown. 

[0032] Next, the n mold GaAs substrate 1 in the condition of having gone to formation of the resonator 
end face 8 as mentioned above is carried in to a thermal treatment equipment. And as shown in drawing 
3 A, it heat-treats using a mask 7 in an ambient atmosphere including Lynn like die mixed gas which 
contains for example, phosphoretted hydrogen (PH3) gas, tertiary butyl phosphoretted hydrogen (TBP) 
gas, or diese for die resonator end face 8. As for this heat treatment, it is desirable to carry out at 
temperature lower than die growth temperature (for example, temperature around 800 degrees C) of die 
semi-conductor layer which forms laser structure in order that the impurity introduced into die p mold 
AlxlGal-xl As cladding layer 4 or die n mold AlxlGal-xl As cladding layer 2 may prevent to be spread 
in die Alx2Gal-x2As barrier layer 3. If an example of this heat treatment condition is given, using PH3 
gas as process gas, a pressure will be made to 100Torr(s) and substrate temperature will be made into 
650 degrees C. The time amount which heat treatment on this condition takes is about 20-30 minutes in 
die case where die oxide film 9 of number atomic layer - dozens atomic layer extent is formed in die 
resonator end face 8. Thereby, while an oxide film 9 is removed from die resonator end face 8, Lynn 
adheres to die resonator end face 8 after the oxide film 9 was removed, and it will be in die condition 
that die resonator end face 8 was deactivated by Lynn. In this case, it is thought tiiat Lynn is sticking to 
die resonator end face 8 according to the semi-conductor layer which forms laser structure, and weak 
chemical bonding strengtii. A sign 10 shows die layer (Lynn adsorption layer) of Lynn which stuck to 
diis resonator end face 8. The duckness of tiiis Lynn adsorption layer 10 is for example, a number 
atomic layer - dozens atomic layer extent. This Lynn adsorption layer 10 acts as a protective coat which 
prevents oxidation of die resonator end face 8. In addition, altiiough the oxide film formed in die etching 
base is also removed and die Lynn adsorption layer is formed also in this etching base of this heat 
treatment in fact, m drawing 3 A, only die Lynn adsorption layer 10 formed in the resonator end face 8 
is shown. Moreover, Alx Gal-x Asy Pl-y a part of whose resonator end face 8 is the Lynn-ized layer 
diat a part of Lynn which stuck to tiie resonator end face 8 in diis case combines widi tiie semi- 
conductor layer which forms laser structure strongly, or by being spread inside die resonator end face 8 
A layer or GaAsy Pl-y The layer may be placed and replaced. 

[0033] Next, an oxide film 9 is removed from the resonator end face 8 as mentioned above, it is in die 
condition which left die mask 7 as it was, for example, the n mold GaAs substrate 1 in die condition tiiat 
die Lynn adsorption layer 10 was formed in the resonator end face 8 is carried in to an MOCVD system. 
And as shown in drawing 3 B, the Lynn adsorption layer 10 is removed by making Lynn which heated 
die n mold GaAs substrate 1 and adhered to die resonator end face 8 sublimate. Here, as for this process, 
h is desirable to carry out at temperature lower tiian die growth temperature (for example, temperature 
around 800 degrees C) of die semi-conductor layer which forms laser structure in order tiiat die impurity 
introduced into die p mold AlxlGal-xlAs cladding layer 4 or die n mold AlxlGal-xl As cladding layer 
2 may prevent to be spread in tiie Alx2Gal-x2As barrier layer 3. In diis case, in case the Lynn 
adsorption layer 10 is removed, specifically, substrate temperatiire is made into 400-500 degrees C. In 
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addition, substrate temperature is Alx Gal-x Asy Pl-y formed in the front face of the resonator end face 
8 at this time. A layer and GaAsyPl-y It is temperature required in order to desorb Lynn from a Lynn- 
ized layer like a layer, and if Lynn which only stuck to the resonator end face 8 is removed, about 
dozens of times, for example, 50 degrees C, are enough as substrate temperature. 
[0034] next - continuing - a mask 7 - a growtii mask - carrying out - MOCVD - the Alx3Gal-x3As 
film 1 1 which serves as a window layer all over the resonator end face 8 being included at 
predetermined growth temperature by law is grown up. What has a larger band gap than the Alx2Gal- 
x2 As barrier layer 3 is used so that the laser beam by which outgoing radiation is carried out from the 
resonator end face 8 may not be absorbed as this Alx3Gal-x3 As fibn 1 1 . That is, when aluminum 
presentation ratio x3 in the Alx3Gal-x3As film 1 1 fills the relation of 0 <=x2<x3 <=1 and an example is 
given between aluminum presentation ratio x2 in the Alx2Gal-x2As barrier layer 3, it is x3=0.2. The 
thickness of this Alx3Gal-x3As film 1 1 is 300nm. In addition, in fact, altiiough the Alx3Gal-x3As film 
1 1 is formed also in an etching base, in draAving 3 B, only the Alx3Gal-x3As film 1 1 formed in the 
resonator end face 8 is shovra. Moreover, the removal process of the Lynn adsorption layer 10 
performed in advance of growth of this Alx3Gal-x3As film 1 1 may be performed as a part of 
temperature up process at the time of setting substrate temperature as the growth temperature of the 
Alx3Gal-x3As film 11. 

[0035] Next, while forming a p lateral electrode 12 like a Ti/Pt/Au electrode by tiie vacuum deposition 
method and the lift-off method on the p mold GaAs cap layer 5 and the n mold GaAs current 
constriction layer 6 (not shown in drawing 4 ) after carrying out etching removal of the mask 7 for 
example, as shown in drawdng 4 , an n lateral electrode 13 like an AuGe/nickel/Au electrode is formed 
in the rear face of the n mold GaAs substrate 1, for example with a vacuimi deposition method. 
[0036] Then, while processing the n mold GaAs substrate 1 with which laser structure was formed as 
mentioned above in the shape of a bar, the AlGaAs system semiconductor laser made into the purpose is 
completed by chip-izing this bar. 

[0037] As mentioned above, since according to this 1st operation gestalt the oxide film 9 formed in the 
resonator end face 8 by heat-treating the resonator end face 8 in an ambient atmosphere including Lynn 
is removed after formmg the resonator end face 8 in the semi-conductor layer which forms laser 
structure, the surface level of the resonator end face 8 can be reduced. Moreover, the resonator end face 
8 after the oxide film 9 was removed can prevent that the resonator end face 8 vnll oxidize again by the 
time it forms a wdndow layer in the resonator end face 8, since it v^ll be in the condition of Lynn being 
deactivated and being hard to oxidize. Since the good window layer hardly influenced by the surface 
level by the oxide film can be formed by this, the aperture effectiveness can be pulled out to the 
maximum extent, therefore improvement in the optical damage level of semiconductor laser, 
dependability, and an operating characteristic can be aimed at, 

[0038] moreover , before growing up the Alx3Gal-x3As film 1 1 used as a vsdndow layer in this 1st 
operation gestalt , he make Lynn sublimate v^thin an MOCVD system , and be trying to remove the 
Lynn adsorption layer 10 from the resonator end face 8 , but since it be the dopant impurity of the group 
III-V semiconducter who Lynn be V group element and form laser structure and a vsdndow layer in this 
case , there be an advantage of it becoming unnecessary to consider contamination of a system . 
[0039] Moreover, in this 1st operation gestalt, since there is an advantage of being hard to oxidize also 
in atmospheric air, after removing an oxide film 9 from the resonator end face 8, when not forming a 
window layer immediately, it is suitable [ tiie resonator end face 8 after the oxide film 9 was removed is 
deactivated by Lynn, and / this 1st operation gestalt ]. 

[0040] Moreover, in this 1st operation gestalt, the consistent process using the multi chamber equipment 
with which the etching system, the thermal treatment equipment, and the MOCVD system were 
combined by the vacuum conveyance way may be made to perform from the process which forms a 
resonator end face in the semi-conductor layer which forms laser structure to the process which forms a 
window layer in a resonator end face. In this case, while an oxide film is removed from a resonator end 
face by heat-treating a resonator end face in an ambient atmosphere including Lynn as mentioned above 
It has the advantage that management becomes easy while it does not need to maintain like before the 
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advanced vacuum environment which put into practice and eliminated residual oxygen and can reduce a 
manufacturing cost, since the resonator end face after the oxide film was removed will be in the 
condition of Lynn being deactivated and being hard to oxidize. 

[0041] Next, the 2nd operation gestalt of this invention is explained. The process which heat-treats the 
resonator end face 8 in an ambient atmosphere including Lynn in the 1st above-mentioned operation 
gestalt, Although it is made to perform the process which forms the Alx3Gal-x3As film 1 1 used as a 
window layer in the process and the resonator end face 8 which remove Lyim which adhered to the 
resonator end face 8 by this processing at a separate processing room In this 2nd operation gestalt, a 
series of above-mentioned processes are performed continuously at the same processing room. 
[0042] That is, in the manufacture approach of the semiconductor laser by this 2nd operation gestalt, 
after going according to the same process as the manufacture approach of the semiconductor laser by the 
1st operation gestalt to the process which forms the resonator end face 8 in the semi-conductor layer 
which forms laser structure, the n mold GaAs substrate 1 of the condition which shows in drawing 2 B is 
carried in to an MOCVD system. And it is PH3 in this MOCVD system. Gas is introduced, for example, 
the resonator end face 8 is heat-treated on the same conditions also in the 1st operation gestalt. While the 
oxide fihn 9 formed in the resonator end face 8 is removed by this, the Lynn adsorption film 10 is 
formed in the resonator end face 8 after the oxide film 9 was removed (refer to drawing 3 A), next, 
MOCVD after removing similarly the Lyrm adsorption layer 10 formed in the resonator end face 8 by 
heating the n mold GaAs substrate 1 and making Lynn sublimate in the 1st operation gestalt succeeding 
this - the Alx3Gal-x3As film 1 1 used as a window layer is grown up into the resonator end face 8 by 
law (refer to drawing 3 B). 

[0043] Then, a process is advanced like the manufacture approach of the semiconductor laser by the 1st 
operation gestalt, and the AlGaAs system semiconductor laser made into the purpose is completed. 
[0044] According to this 2nd operation gestalt, can acquire the same advantage as the 1st operation 
gestalt, and also The process which heat-treats the resonator end face 8 in an ambient atmosphere 
mcluding Lynn (process which removes an oxide fihn 9 fi-om the resonator end face 8), By being made 
to perform the process which forms the Alx3Gal-x3As film 1 1 used as a window layer by this heat 
treatment at the same processing room to the process and the resonator end face 8 which remove Lynn 
adhering to the resonator end face 8 continuously While reoxidation of the resonator end face 8 after the 
oxide film 9 was removed is controlled more effectively, there is an advantage that a manufacture 
process can be simplified compared with the 1st operation gestalt. Moreover, since a series of processes 
to the process which forms the Alx3Gal -x3As film 1 1 which serves as a window layer from the process 
which heat-treats the resonator end face 8 in an ambient atmosphere including Lynn at the resonator end 
face 8 can be performed using an MOCVD system, they can suppress the increment in the 
manufacturing installation used for manufacture of this semiconductor laser, 

[0045] Next, the 3rd operation gestalt of this invention is explained. In the above-mentioned 1st and the 
2nd operation gestalt, although he is trying to remove an oxide film from a resonator end face by heat- 
treating a resonator end face in an ambient atmosphere including Lynn, in this 3rd operation gestalt, an 
oxide film is removed from a resonator end face by carrying out plasma treatment of the resonator end 
face in an ambient atmosphere including Lynn. 

[0046] That is, in the manufacture approach of the semiconductor laser by this 3rd operation gestalt, 
after going according to the same process as the manufacture approach of the semiconductor laser by the 
1st operation gestalt to the process which forms the resonator end face 8 in the semi-conductor layer 
which forms laser structure, the n mold GaAs substrate 1 of the condition which shows in drawing 2 B is 
carried in for example, to plasma treatment equipment. And plasma treatment of the resonator end face 8 
is carried out in an ambient atmosphere including Lynn using a mask 7. In order that the impurity 
introduced into the p mold AlxlGal-xl As cladding layer 4 or the n mold AlxlGal-xl As cladding layer 
2 may prevent being spread in the Alx2Gal-x2As barrier layer 3, as for this plasma treatment, it is 
desirable to carry out at temperature lower than the growth temperature (for example, temperature 
around 800 degrees C) of the semi-conductor layer which forms laser structure. If an example of this 
plasma treatment condition is given, using phosphoretted hydrogen (PH3) as process gas, a pressure will 
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be made to 100Torr(s) and substrate temperature will be made into 200 degrees C. Thereby, similarly, if 
shown in drawing 3 A of the Ist operation gestalt, while an oxide film 9 is removed fi-om the resonator 
end face 8, the Lynn adsorption layer 10 is formed in the resonator end face 8 after the oxide fihn 9 was 
removed, and it will be in the condition that the resonator end face 8 was deactivated by Lynn. 
[0047] Next, the n mold GaAs substrate 1 of the condition which shows in drawing 3 A is carried in to 
an MOCVD system, and - for example, MOCVD after removing similarly the Lynn adsorption layer 10 
formed in the resonator end face 8 by heating the n mold GaAs substrate 1 and making Lynn sublimate 
in the 1st operation gestalt - the Alx3Gal-x3As fihn 1 1 which serves as a window layer by law at the 
resonator end face 8 is grown up (refer to drawing 3 B). 

[0048] Then, a process is advanced like the manufacture approach of the semiconductor laser by the 1st 
operation gestalt, and the AlGaAs system semiconductor laser made into the purpose is completed. 
[0049] According to this 3rd operation gestalt, the same advantage as the 1st operation gestaU can be 
acquired, and also there is an advantage that removal of the oxide film 9 fi-om the resonator end face 8 
can be performed at low temperature compared with the 1st operation gestalt, by trying removing an 
oxide film 9 by carrying out plasma treatment of the resonator end face 8 in an ambient atmosphere 
including Lynn. 

[0050] Next, the 4th operation gestalt of this invention is explained. In this 4th operation gestalt, the 
window layer which consists of a semi-conductor (a band gap is larger than the Alx2Gal-x2As barrier 
layer 3) which does not absorb the light by which outgoing radiation is carried out to a configuration 
element fi-om a resonator end face at a resonator end face, including Lynn is formed. Drawing 5 is a 
sectional view for explaining the manufacture approach of the semiconductor laser by this 4th operation 
gestalt, and shows a cross secfion parallel to the direction of cavity length of semiconductor laser. 
[005 1] Namely, it sets to the manufacture approach of the semiconductor laser by this 4th operation 
gestalt. The same process as the manufacture approach of the semiconductor laser by the 1st operation 
gestalt is followed, the n mold GaAs substrate 1 of the condition which shows in drawing 2 B after 
carrying out to the process which forms the resonator end face 8 in the semi-conductor layer which 
forms laser structure - for example, an MOCVD system - carrying in - a mask 7 - a growth mask - 
carrying out - MOCVD - at predetermined growth temperature by law The AlGalnP fihn 14 is grown 
up as a window layer all over the resonator end face 8 being included. (Under the present circumstances, 
the raw material 3 which includes Lynn first among the raw material used for growth of AlGalnP, for 
example, trimethylaluminum, (TMA), trunethylgallium (TMG), trimethylindium (TMI), and 
phosphoretted hydrogen (PH3) as shown in drawing 5 A, i.e., PH, Predetermined time installation is 
carried out into the reaction chamber of an MOCVD system, and an oxide film 9 is removed from the 
resonator end face 8.) The time amount which this processing takes is about 20 - 30 minutes in the case 
where the oxide film 9 of number atomic layer - dozens' atomic layer extent is formed in the resonator 
end face 8. As a raw material including Lynn, it is PH3. It may change and TBP may be used. In 
addition, although the Lynn adsorption layer is formed in the resonator end face 8 after the oxide film 9 
was removed, in drawing 5 A, the illustration abbreviation of this Lynn adsorption layer is carried out. 
[0052] Next, all raw materials, i.e., TMA, TMG, TMI, and PH3, continuously used for growth of 
AlGalnP It introduces in a reaction chamber, and as shown in drawing 5 B, substantial growth of the 
AlGalnP film 14 used as a window layer is performed. The thickness of this AlGalnP film 14 is 300nm. 
In addition, although the AlGalnP film 14 will be formed on the resonator end face 8 in the condition 
that the Lynn adsorption layer remains, in this case, since this AlGalnP film 14 contains P in the 
configuration element, it does not pose especially a problem. Moreover, in this temperature up process, 
it is usually made to carry out the temperature up of the substrate temperature to the grov^ temperature 
(for example, 600 degrees C) of AlGalnP, and to carry out the temperature up of the substrate 
temperature in about 20 - 30 minutes, in order to grow up the AlGalnP fihn 14 used as a window layer 
to 600 degrees C. Therefore, the removal process of the oxide fihn 9 performed in advance of substantial 
growth of the AlGalnP film 14 may be performed as a part of this temperature up process. 
[0053] Then, a process is advanced like the manufacture approach of the semiconductor laser by the 1st 
operation gestalt, and the AlGaAs system semiconductor laser made into the purpose is completed. 
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[0054] By carrying out predetermined time installation of the raw material which includes Lynn among 
the raw materials used for growth of AlGalnP into a reaction chamber in advance of substantial growth 
of the AlGalnP film 14 used as a window layer according to this 4th operation gestalt Since an oxide 
film 9 is removable fi-om the resonator end face 8, can acquire the same advantage as the 1st operation 
gestalt, and also The same advantage as the 2nd operation gestalt can be acquired by being made to 
perform removal of the oxide film 9 fi-om the resonator end face 8, and formation of the window layer to 
the resonator end face 8 in the same processing interior of a room continuously. 
[0055] Although the operation gestalt of this invention was explained concretely above, this invention is 
not limited to an above-mentioned operation gestalt, and various kinds of deformation based on the 
technical thought of this invention is possible for it. For example, it does not pass over the numeric 
value mentioned in the operation gestalt, an ingredient, structure, a process, etc. for an example to the 
last, and they are not limited to this, concrete ~ above-mentioned the 1- the semi-conductor layer which 
constitutes the semi-conductor fihn and laser structure which constitute a window layer in the 4th 
operation gestalt - MOCVD - although he is trymg to make it grow up by law ~ these - molecular 
beam epitaxy (MBE) - you may make it make it grow up by law 

[0056] moreover, above-mentioned the 1- the mask 7 used as an etching mask at the time of the 
resonator end face 8 forming in the 4th operation gestalt, although the resonator end face 8 is made to 
serve a double purpose as a growth mask at the time of forming a window layer in the mask and the 
resonator end face 8 at heat treatment or the time of carrying out plasma treatment Heat treatment or in 
case plasma treatment is carried out, and in case a window layer is formed in the resonator end face 8 for 
the resonator end face 8, you may make it form the mask of dedication each time. 
[0057] moreover, above-mentioned the 1- although he is trying to form a window layer in the resonator 
end face 8 after removing the Lynn adsorption layer 10 formed in the resonator end face 8, you may 
make it this form a window layer in the resonator end face 8 in the condition that the Lynn adsorption 
layer 10 remains, in the 3rd operation gestalt 

[0058] moreover, above-mentioned the 1- although he is trying to form a window layer in the resonator 
end face 8, it replaces with a window layer and you may make it form the passivation film in the 
resonator end face 8 in the 4th operation gestak Vacuum deposition, a CVD method, or a plasma-CVD 
method can be used for formation of this passivation film. In addition, when forming the passivation 
fihn by the plasma-CVD method The process which removes an oxide film 9 from the resonator end 
face 8 by carrying out plasma treatment of the resonator end face 8 in an ambient atmosphere including 
Lynn, The advantage ttiat the process which forms the passivation film can be continuously performed 
to the process and the resonator end face 8 which remove the Lynn adsorption layer 10 formed in the 
resonator end face 8 after the oxide film 9 was removed by this plasma treatment at the same processing 
room can be acquired. 

[0059] moreover, above-mentioned the 1- in the 4th operation gestalt, although the case where it applied 
to the so-called manufacture of the ETCHITO mirror laser which formed the resonator end face 8 by 
etching the semi-conductor layer which constitutes laser structure for this invention was explained This 
invention can also be applied to the so-called cleavage laser in which the resonator end face was formed, 
by carrying out cleavage of the semi-conductor layer which constitutes laser structure with a substrate. 
[0060] moreover, above-mentioned the 1- in the 4th operation gestah, although the case where this 
invention was applied to manufacture of the AlGaAs system semiconductor laser of DH structure was 
explained, this invention can also be applied to manufacture of the AlGaAs system semiconductor laser 
of SCH structure Moreover, this invention can be applied to manufacture of the semi-conductor light 
emitting device at large which used the group III-V semiconducter as well as manufacture of AlGaAs 
system light emitting diode, and can specifically be applied to manufacture of a GaN system semi- 
conductor light emitting device depending on an AlGalnP system semi-conductor light emitting device, 
a GalnAs system semi-conductor light emitting device, an InP system semi-conductor light emitting 
device, and the case. 

[0061] moreover, above-mentioned the 1- in the 4th operation gestalt, although the removal approach of 
the oxide film by this invention is applied from a resonator end face to oxide-film removal, the removal 
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approach of the oxide fihn by this invention is applicable to other parts of the production process of a 
semi-conductor light emitting device as membrane formation pretreatment before forming the fihn on a 
substrate. The removal approach of the oxide film by this invention specifically For example, 
pretreatment as shown in drawing 1 C, before growing up a current constriction layer with the 2nd 
epitaxial growth. As shown in drawing 4 , in case a contact electrode is formed, to pretreatment in case 
the rise of contact resistance is seen with the surface level by the scaling object, and a pan In case crystal 
growth is perfonned by the MOCVD method, the MBE method, etc., the crystal growth in low 
temperature is required, and it is possible to apply also to prefreatment when the ability not to perform 
oxide-fihn removal on the fi:ont face of a substrate in heat annealing etc. In addition, it camiot be 
overemphasized that the same membrane formation pretreatment as **** can be applied to manufacture 
of a semiconductor device at large in addition to manufacture of a semi-conductor light emitting device. 
[0062] 

[Effect of the Invention] Since the oxide film formed in the resonator end face is removed in advance of 
the passivation film to a resonator end face, or formation of a window layer according to this invention 
as explained above Since the resonator end face after the oxide film was removed is deactivated by Lynn 
and will be in the condition of being hard to oxidize, while being able to reduce the surface level of a 
resonator end face, It can prevent that a resonator end face will oxidize again by the time it forms the 
PASSHIBESHON film or a window layer in a resonator end face. Since the good passivation film or 
good window layer hardly influenced by the surface level by the oxide film can be formed by this, the 
passivation effectiveness or the aperture effectiveness can be pulled out to the maximum extent, 
therefore improvement in the optical damage level of a semi-conductor light emitting device, 
dependability, and an operating characteristic can be aimed at. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 ♦*** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining the manufacture approach of the semiconductor laser by 
the 1 St operation gestalt of this invention. 

[Drawing 2] It is a sectional view for explaining the manufacture approach of the semiconductor laser by 
the 1 St operation gestalt of this invention. 

[Drawing 3] It is a sectional view for explaining the manufacture approach of the semiconductor laser by 
the 1st operation gestalt of this invention. 

[Drawing 4] It is a sectional view for explaming the manufacture approach of the semiconductor laser by 
the 1st operation gestalt of this invention. 

[Drawing 51 It is a sectional view for explaining the manufacture approach of the semiconductor laser by 
the 4th operation gestalt of this invention. 
[Description of Notations] 

1 ... An n mold GaAs substrate, 2 ... n mold AlxlGal-xl As cladding layer, 3 ... An Alx2Gal-x2As 
barrier layer, 4 ... p mold AlxlGal-xl As claddmg layer, 5 ... A p mold GaAs cap layer, 6 ... n mold 
GaAs current constriction layer, 7 [ ... The Lynn adsorption layer, 11/... The AIx3Gal-x3As film, 
12 / ... p lateral electrode, 13 / ... n lateral electrode, 14 / ... AlGalnP film ] ... A mask, 8 ... A resonator 
end face, 9 ... An oxide film, 10 



[Translation done.] 
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(57) [Si^] 

tC^fc'Sr&Al.jGai-.jAslil limm-l. * 

L-Ct it^. ^^iHSSffiStCA 1 Ga I nPm't>^j:h 
m^m^tt^-^. MOC VDSmrtt, Al Ga I 

^^^mXLti^k. A 1 Ga I n 9<n^^\,zm\^hi\.h 
itXffimmmXLX^'m^sA 1 Ga 1 n PISfOBE^ 




3S ^ 




f 

1 




s 




(2) ^2000-82863 (P2000-8-^ 



1 1 1 -vmit^m^i^tf^ii^itmmi n-vm 
mb-r^nm i mmmi¥mm'F<^imijm. 

H ymttiummm^thxnb im-<mmm 
•cif 3 ck p uz z b trmb-rtmrn i mfo^ 

mix m^^MLx-no x o izuzz t mmb-tm 

oXo^zLtzCb t:mib-thmim. 6 %iM.<r)mW.% 
tlhi:'ktjm^i!fXliZX*)m^^nx\^i>Zb^1^fSLb 



immii] m±.izmM^mktBm-hm 
mirm^^hxmb, 

m^m'i-immAi-i'mmizms^mim 
^ttxnb. 

ijfiiygnsgiBS- V yi^tsm%'P'cryX'7smf 
(i I I I - vfii^t^^iicifctiMttSs^ I I I - v 

mit^wmm>ii>^i> z b ^nmb-thn^ 1 1 le 

imm 1 3 3 ijsisiti 1 1 1 -vmit^mmw 
ttiummim I i-vmt^rwm»i3>k^hzb 
^mb-i-iism 1 1 

urn, 

imms] ismm^mi'jy^-^ism^'^ 
X'ryx-?mt^xmb. ±iim^^mz±.w<"/ 
=yK~-y3ymfzii±Msm^B&thxmb^n- 

<omMX'noXoizltzZbi:^b-ti>m^l 1 
-i^3ymtfz\i±smM^m&-ti>miz. $^>K, ± 

im^ 1 7 ] ±ia^yiSJgiat^-f« t/^ u y^^ 
j^^xoi&^^is&x-no xdizLfzzt^mmb-ti> 

mm 1 8 ] m^mmm^zn^ u y 
-r2.xgt . Hi^mmiz±m/^'y a yffi 
tfz\iHSSUMm&i'tXUb ^m-t^ifs^x-no 

xdizuzzb^mbthm^mi 6§m(r>^mm 
•cT^xvsaa-rsxgfc. ±fe«sssBat=:<'f^i-^- 

-S^3 yK*yi{i±fa5gl^J^lS-r&Xgi: 5r|S|-<?)JB 



(3)^2000-82863 (P20 00-8H«8I 



mm 2 2 ] ij£^«:SJ4 1 1 1 - ymt-^^^ 

imm 2 3 1 imm^mmm^z u y sr^t? 1 1 
I -v]^k^!|*jiiisi«ct^{±s-(fc!Hj^ 1 1 1 -vftfl:-& 
^ij^f*:*>'o^-Swfc^i#iai:-f«.is*JS2 iiea<oi|i 

[|gS3R2 4l JblESSJifiAlGal nP*>/t,=5rSC: 
i:S:^ai:-fSii^2 1 iEa<0*«ft«3e*^O8Ji 

[0001] 

(rmmimizmL. mz. ^mi^m^z/'^'^yi^'<^-'>3 

10002] 

<nw\mmihhx\>^h, zcomm^itizn. ^^«h 

m^tltMm^it. V^^>(9>l.5te^<S(COD. Ca 
tastrophic Optical Danage ) fc*%l). 
[0003] ^fOSt^fcLT. mX*). 



ti, m^^mizmiimBii:imrhi^^j:^ii 

[0004] 

[f«H*{1»«tJ:7i:-f4ill8ll t*»t^r*«^.. ±^(0 

ra^xt-cmiz. i^m^iz^mi)^v^r\.^i 
zmmzx-^x^m^s^mizmmmmmfS.^ 
ti^ /<'/i^K-iyByw^'^fmi^^f?>zttzX'oxm 

i^iiz%&ztiiT^^\\ zcr>fzib^ m.^ikmzX-0 
aymttziimm&t'Ci:, wmm^btirv^ 
m=ix hifi±.^-ti k v^o[s^gl*«^)-7!t. 

[0005] ^ZX\ ^(^i. 3^^W=SrlS<itSK=5r'i= 

mm<r>M^^mi^\y-^'^wkt^ z b ^''t-^ 

ji.y^m.t^zbizx'o, ^^tmij-hmimm 
^thbmz. s^=ftfziisji^^<^m\-^-/rizx 
-ixmmitimu-rhxoizvtitm {mm, m 

^2680971^) ifim^tiX\>^t. 
[000 6] L*-L^*5^>, m«fA 1 GaAs^^ 
i^U-'f'^A 1 G a I n P^^^I^V— f O J; ^ ^ I I 

I -vmL-^mmm^'^tiimHfii^-f^zii\.^x. 

u-mmimm-^'^mmizmjhtixtz 
btiznm^mtb^^mMviyh. Ltzni-^x, m 
^mmizmni}m^Lt:mx-mm^j:iiii'mti, z 

ti, ^miiiimizmmi}m^-rh^X'mM^j:i:^m^ 
^^hb, ^<7)fSMt^<r>f^,iZX'>xmMi}^^Ml; 

mm^Hiz n myfmax'$)i^ni)mfi t . Mcom^^\ 
^i^z-tb^^of^mti^$)i. ttz, z(r)m-^, 
mLtzf&mwo^^'kt^^&^tizbi,zX':>x, m 
m<^riwmmt^m^^<^^^z^^^i^x l 

[000 7] $4>lC. '^x-yb^aStCfflV^'oixSSIIIS: 



1 



I 
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[00 08] Lt:i}<^x. :L<m^<r)nmt. ftsns 

[0009] 

iz, z(r>m<r>mi<r>mizxi^^^m^m. 
imi. mi±.i>z^m'fmmm&-ti>^mm 
^^ithJMt. mm^mmmmt^miz^ 

mfs.^^xfmm'thxmt. ^^t^mi,z/'iy>'^->' 

[00101 z(r)miR<r>m2(omzi: h^mi^^m 
i-m&iimi. mitiz^mmmm^-ti'm 

mizmmmm^-ttTrnt . ^mm^')y 
i-^ts^mx'ryx-^mm-t^xmt. ^yisiss® 
izj'iyi^K-i^3 ymtiii^mtsmtpi^m^tit 

^tlzbt:imttli^<r>X'h^. 

[00111 z<7)m(om3(^)fmizi:t^mw^m 
^m^mi. mitizftmf-mmirm-tt^m 

mz^Smmi:m^-i-i>JMb. ^^SrSSBIc, ffi 

/^-yi^K-z^symtziii^mmzm^^hiii 
-y^ymitiiimmffmmzm^'^fitih-kXfommi 
x-hh, 

[0 0 121 z<r>wJ^\^ii'<^x. m^'m&in^t 
h^^m\i. i!'^=5:< fc t . m9L±.<nw. i ara<og 1 

ac7)m2«^79-y Hli:*^(^^l>, wfl<^<0^«^18 



ifi. m^izi-yxammm i i-ym.^mmi¥ 
^fflv^-ct ivv .r^i-r, 1 1 1 -vmib^^^^ 

Ji, Ga, A 1 , I ni5XX/Bi)>h^j:hmX '^Miitit: 

T^hmi. ')miitif^'j'^^j:< b i>-wm<r)vmjmb*-(> 
Kct. ttz. mmmi 1 1 -vmt^mmmi. g 

a. A 1 , I nteJ:l/BA>A>^:Sgf i '3S{f^ifciJ'^=5r< 
tt>-SS«I I imimb. d^^j:<btfit:-k^. « 
oTtiS 'olc A s tfdiPi:'ttiy^7iMbi}^(> 

(OatejS^: t'tcffl»-^^>ixl> A 1 G a A s m^ftiffeJiag^ 

^?»#fei^^fig=6rA 1 G a I n Pi|i^ft%3t#^-(^SiS 
ti^f^, :RjS;i^<7)G a I n A s JM^iff^^^'F^ I 

[0013] ::<7)||HHtt5V^-C , ''^••!' iy^-y a yWn 
imb\.X\t. fi^ttfAlj O3 . SiOj . Sis N 

Mm.ti\mm%\ i i-vfiifl:^iH5i|i»fls*«fflir^<;> 

[00141 ClcOl&BBoSg 1 (r)%mzii\rz , ftSSHiS 

ffl?& y y-k-^msk^xmm^hxmi. satii 

[00151 z<rmm'^ 1 io^^H^fcfcv^t: , i^^t 
m^^iy-^'^tim&i^^x'^^-thxn.b. 
w.zj'<'/'y'<^~y^ym~fz\mm^^^-fhxwb _ 

(oxmi. mm. j^yi^^-i^ByWitfiii^iM 
mmmmTmiLx^oz t ifix-^ h « 

[0016] z<7)^m(^m 1 iOa^Bflt^fcV^Tti, ftlSS 

^mm^zmirzvyif^Lxhiiw ^mmm^z 
mitzoy<^m^\i. mm. wsi.t:m.Lxoyi 

m^'thZbizX*)fT0Zbip-^mX'$)i>. Zff)^ 

mt\<\ tti. mmmiznmLtzvym^iti 
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[00 17] z<7)mt^n2<7)mnizt6\.^x . ^ysss 
mivyi^ts^SfM^X'Tyx-rmm-rixmi., » 

[0 0 18] z(om<^fii2<mmiizi3\>^x. 

mf.iiismt:mm-i>JMtim-<r)m^x'nom 
^. ztih<Dxmi. mm. j'^-yi^^^-y-aymtt:. 
imMmm<r)m^'^^ Lxnoztifix-^t. 

[00 19] Z<om<^^2(7)^izii^^X\i. ftfifl 
X >j y $r #11 S !> - J: 0 -3 w i: *<^SET-$) & . 

c:t*i»tL^\ mmmitmitiuym 
^uztk. mmmizj-i-yi^K-i^aymttziim 

bm±ttm^t)'h. ^mmi:oyittsmm% 
i^X'ryX'7^mthxm. ^^^mi,zm ttz u y 
m^thxu. mmmiz^'i-yi-^-i^aymtti 
\ismimm-ti>T.m(^oi^. 'j'^^<bi>^mmmK. 
nmifz'jyii^'^-tixnb. ft«eis«WwA'-/vK 
-i^aymtiiimm^-thxmbii. m-^m. 
mxfTozbmtb\>\ ^^^mmmLtzoyi: 
Hs*tsisi:, ^mmizj^-y'^^-yBymti 

iiMMim^'tlxmbi:m-<om^Xlifo^, 

ti^<^i.mi. mm. fi-yi^<~i^aymy::ii^ 
f&m<om^'^ tx^ ozbii'X'tt. 

(0020] ZCOW^com 1 J:t^m20lEBBC 
X. ^-i^^v-y^i-ii^ytxy^y/fxtfziiziitf 



7 -f yijxttz\i9-y*r 'J -7'^;i'7 *X7 >f 
[0021] JJi<^i 0 1 «^ 

miz\i y ymm L . citit J: ^ TftigSSgiiii** U ynz 

X^xnmt^ii. iSt{t^iHz<^^mb^j:lfzit). 

htT<Df§nz. imsmmi}mmm:^nhzbm± 

-thZbt^X^l. 

[0022] ±i4<^J: 0 \iZm^^fT.fzZ(7m^mm2(r> 

mizxtrn. mM'f^mimfSLi-h^mwmizm 
stmm&ttim. i^Mmsi:'jyt:'^ttmm.'^ 

X'y'yX-7m-tlZbizX*). ^smzmiiL^ii 

fzm{\:m^mi^ii^<ox\ ^mis^m(o0imm&t:& 
w^mEizitvymmt. zmzx^x^m^mmti^ 

UyiZii-oXi^^^^ti. K-ft$W=<<r^«S.fc=5rl. 
t:tb. ^^i^mizn'yi^—^~i^3y^ttziMMi 

m±t^zbi3K'th. 

[0023] IMc^X 0 i,zmfl(.^iitzL(r>^oM<nm3<o 

mmizitm. ftfUffSSMt. fli^Tc^c'j y^#trtr 

Pii^^^^lJ^'yi^K'-i/ay'SitfziimiSijtmzV y^ 

wt^h^sh^^m^thmz. n-zi^^-i^aymt 
t:\im(r>m!sm^^mzm.'>x. y^-yi^^-vav 

Wkttz\imm<r)^mzm^^^ixhWM<r) -5 *> 'J ySr^tf 

\,zm&vmmx-ti> :iuzi.y). m^wzm^-^ii 
mtz.bifx%t. tti. immmmi}^(>mm(^ 

m^b . f^-y i^^-i^ 3 ymtf:iii^<^&b m- 
<r)9^mX'TmtX1noi:oizLX\>'^hZ.b(zX'0. H 

m±t^Zbi}K'^t>, 
[0024] 

tfcv^-c . n-tt:iim-ttm-»^zim~<r>min 
-r. 

[0025] i-f, C<OlKB<^lll<^SSJe®t-'^''^'^ 
iJjt:^^^. ttiSS«Ht-Sg<ijSS:*-r6A l OaAs 

f<ogBiCjtfflb:t*&fc:o^>Tij^W 
l,. C<OAlGaAs|^i|i^*U— fJis DH (Double 
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Heterostructure) ^jttr^-fS. Sl~04Ji, Z.<r) 
1 0 0 2 6 1 CICOS 1 c^mSJ^aSfc J: S^NIftU— 

jf , ws^s^b^mffl^^ ( MocvD ) m^zx 0 . n 

MGaAsS^litC. nSAl.,Ga,-,iAs^'5y 
Fa2. ryK-rc^Al.iGai-jiAs^gttaS. p 

SA l.iGai.,, As^'^y KJi4tiJ:tf P^Ga As 

ai-,1 As^'7-/ H12*Jj:tfpffiA 1 ,iGa,.,, As 
^'97H«4KiJttSAlfi^xl Al.jGa 
i-,2Ass§1tl3(:fc»tSA ia^x2tJi, Qgx 
2<xlS1^0B8^^SI:tL•CV^&. iiLf>cOx 1 1> i 
.tXx2<0H?l$'#*tf&i:. xl=0. 5. x2 = 0. 1 
TS>h, tfz. nMAl,iGai.,,As^7-yKffl2t: 

tl. pMA l.iGai-uAs^'^-y F^4t>i:t^pSG 

aAs#^>yrJi5«c<i, pm^mtLxmuizn 

[0 0 27]mz.miBI,zm-Xol,Z. pSCaAs 
df^-yrJBSO^iSfcmtf S i Oj R^S i NK*)^ 

^Lfztk. C:i^$rx.y^y^^^^J;'9^^•^'--:^^^LTfilr 

•9 pS A I , I G a i-.i A s ^' 5 -y Hii4 c?)WS^r|*i<^J^ 

rpff)m^tX'Jiy^y/L, pSA !.iGai.,iAsJ' 
7yF®4cO±agS, pMGaAs^r-vyrlSSr-Jf 

[00 28]<J:t. Hictc^-fiot. ±aox>y^ 

V^t. Wi.tfMOCVDjS{lJ:»). 'J "/>'*Xb9'f riS 

<Op|(IS^OgP^^^ffiJ«^atJ J: p t nSG a A s «55GK^1 
e^^igS-ttS. ^cOnaGaAsmffii0e^l6l=t±. 

l00 29]d:lZ^ m2AiZ^-tX0l,Z^ pSGaAs 
=^fA'>yr«5tjit/nSGaAs1ISL$l55^6 (02A 

{cfcv^Ttia^-f ) <r>mi>z. mmsiOi k^s 

i NBIS-J^BgUcf^, ^niSrx.yf-yi/l^iO^N':^'-- 

[00301 <>:tc. 02BtcSrrJ;3tc. v;^^7?:x 
•y^y^^v;?.^i: LTfflv^-c', CT;c{fRJCtt-f Jfyx-y 
^y^^ (RIE) ffiHiO, nSG a A 3^8*1^9^1 
6. pSGaAs#-vyrJg5, paAl„Ga,.,iA 
s9^-/Vm4. Al,2Ga,.,2As?SttS3*}J:lfn 



aAl,,Gai-.,Asi'7-yHa2i5r. nMGaAsS 

fii<o«ffi*<sai-r5*-cx-yf-y^^-rs. cK^t^. 

nMGaAsSlEl*fWitfO. 5 AtmggX yf-y/ 

&tt^i^mmMcoim!^m^iz^-ii'~=-yi^^ 

[ 0 0 3 1 ] di-C'. ^:<t4,<D*SSSSii8 Sr»iSi-5 

mcox-y^yyi,i, -^{cMOCVDffi^MBEfttJ; 

8?Epm§tts. «§ssffi8<7)jB^f^. a^*> 

:k^'i>l,zmtil,^ithZtl>zj:r>Xi>, ftH^WSIl 
Kft$ixS. »^9t±, i<?)J:pl::L-CftjR3§Jgffl8tc 

<oJ¥${i, mumM'fm'-m-JM.'fmmmxh^. tc 

[ 0 0 3 2 ] <5:t . ±M<^x 0 i.zm^^Msmm 
x-'fi-^tzw^nnm.Ga.hsm.ii. mm. mm. 

T^fflV^T, ft®g|lSffi8$r. ^J;l{f7:tX7-f y (P 
H3 ):f}X^ ^-i/^0-^^)VytX7 Ay (Th 

A l,,Ga,.,i As^'^-y HB4-^nSA l.iGa,.,, 
A s ^' 7 y H® 2 \iZmK^tltz'^nm\ A 1 .2 G a 
i-,tA.sSttii3l:fifcfBrfSit*l»jl:-rSfe«)fc:, W 

(f 8 0 0 t:flirmoiajg ) J; •) ffiv ^iaJKTIr d C t >!)*»4 
tLXPn^iJXi^W £E^«rl00Tor r, S« 

iajEj-eso-ct-ti.. z(r^x'(7^^mzm-hn 
rati, ^^(f . i«isi«ffi8tcisji^s~is+iE^Jis 

K<0Kfl:R9*9^«$fLTV^S*^-C. *<j2 0~3 04i- 

X'hh. ititcio, ttii^iiSiS8*-^>i?fl:ll9*»m 
^ti&tfttc, wm9tm^^ixtziA<r)^m.^m^ 
tc'j y*^^*^, iyis«ffi8*>'jy(cj:'5r^»^k 

ms\izwtLx\^ht^z.hixh, «F-f loti, L<m 
^mmsdzwiLtz v y<r>m < v y^MM) Sr^t. 
c<0'jy®«JBi o<o)*S«0«;HfiaJli^l~St+iii^ 

l&(k)it>l^§ix, c:<?)x-y^y^^iSfflfc:tyy«ltji 
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m^^tlti}^ 03A{CfcOTJi. ftSlsJgffiStC}^ 

<0-S?*«'Jyfl:l8-C*4Al, Ga,-, As, P,.y Jg 
i^:{iGaAsy Pi-, S(cB?^ftfc-5TV^Tt J:v\ 
[ 0 0 3 3 3 <ji:t= . Ji^cO J: 3 t3ftfiSSffi8A-4>g!fl: 
lS9*«i^$/l. *jilf«ffi8tC'Jy®^JilO*^}e« 
$*lX:«SS<OnSGaAs|g«lSr. 0!;llfvX:7 7t- 

4. -ttT. a3Btc^-rJ:dfcs nSGaAsSSl 

i:KJ:")y:^ifi«JBio&l^*t*. cli-c, z<^xn. 

Jl, PHi-Jf. pSAl,iGai-,iAs^'^vKl4^n 

MA 1 „ G ai A s 7 y Ym2izmx^n.fz^¥m 

Al.2Ga,-,2AsiStt«3fcS£ft'fS;i:S:l»ih 

m 1 0 *K^-f «. ISKJlSftiaSt 4 0 0- 500'Ci: 

•tl.. C:<7)t^««SS«l. ftJi2ISffi8<7)Sffi 
{C®^$tl^:Al, Ga,., As, Pi-, S^GaAs 

[00341 JlKt-C, -^XifJi^^-TXi^b 

SH8 ^ ^tf^ffltCSSl k ^ I. A 1 , 3 G a 1 - .3 A s IS 1 
15-fi!t;R$-iirS. i<0A1.3Ga,..3As|81 IkLT 
*«i8fflffl8*»^>ajSt$#T.-S^— f3fe?:ifi)RL=5:^> 
i^lC, A l,2Gai-,2AsvSf4ii3J: 
7-*«;*;#V-vt<0*iffll,^4>ixS. -t^i^t*. Al.jGa 
,.,3As|«l HZtH-flAimitx3\t. Al.jGa 
i-,2Asffittfl3{Cfc(t'I.A iaB£itx2i:£7)Kt2. 0 

= 0. 2TS>S. C<0Al,3Ga,.,3As]ll 1<?5J?$ 
Jl. WttfSOOnmt'ib^.. ^fc, HIHKm, A 1,3 
Ga,.,3AsKl itix-yf-y^MctJ^^SixS 
*^ @3BKfc»r^-Ct4, ^HsmsizB^^tifzA I 
,3Ga,.,3AsRl tt:^ Z^yAl^yG 

a, .,3 A s n 1 1 (Tj^^^z^iL-oXffhiih V 

10cO|^Ig(i. ^fiJg[SrAI,3Gai-.3AsKl 

[0 0 3 5] 114 tc^-Tiotc, ■7;?.:77S^x.y 
aC^J:'?. pMGaAs=^^'«yrJB5tJitfnSGaA 



i/Pt/Au^cr)J;d^p|ffl«Sl 2i:m&ti>b 
ftt. 0|;t{faS^«&tcJ:»). nSGaAsSlSKO 
A u G e /N i / A u fgSOj: 0 =Sr n ffl^ 1 3 

[0036] -ecoft. jiM^o J: 3 izu—fmmim^^ 

^TJSnSGaAsSSl&^'N'-tttCftllt&t^^fc:, i 
<^A-$rf-<y7''fktS^tl^J:0. iWii-fSAlGa 

[0037] Oh. z <7M 1 ommmzi.i\.\i. v- 

if«JiS-}gJS-r *iNI#c«tc*«IIMgH8 Ltz 

\k. i«g5S3Sffi8&uy^-a-tfiiffl^*tma-ri.; 
kfciO, Si6#l®lB8Kjgfi^$iTJtKfl:K9*»m$ 

s/^tf>. ^ms^m8izmmim^ttx'(^iz. s 
ztL^zx^. mmizxi.mw^mzxmmni 

mmmcr,\^±m?>ztti^x'^h. 
10 038] tiz. z<^mi<mmmizio\>^xii. m 

lfc!5:&A 1.3Ga,..3AsJ8ll li&^^-^imz. 

MOCVDJ^Bl^T'J >'^#$?-tirTftJi§|4!gffi8*^<^ 

';y®««io^i^t-i.J:^tL-cv^i,*>\ 
'jyitvmimx'h^. i^-^im'^mii:B^t 

$, 1 1 i-vK^t^^«:<0F-AVh^««rc«^: 

[0039] i<0lSlOllJ»g!Bfc:*3t">f«, i! 

fl:M9*Ji^*$it;tf*c7)*lR§5igffl8*<U y(c<fc oT^^ 

[0040] ^^c, ZCD^lcomtmBliZti^'^Xii.. V 

-^m&mmh^mmz^m^mi'k^mhj. 
m*»4>. mmm^z^^m.-thJM^-^^ , x / 

m.wmk^ixtzwy^wmm,i u ^tci -> 
T^Nse'fk$ixiHb§nt<vvKigk*i.^tf>, 

8B$-ri.'iJ^A<=5r<« SSi3;^hS:<!6iS-r&CkA<X'# 
«k«(c, 'iS*««^tc=5:Skv^d*iJ^feS. 
[004 1 3 c:<!0fKB£om2<:')ll«6Jg®C^ir^T 
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t J:o'CftSSSiB8(c««UcU [^^-^XStJ 
[004 2] -r^i?-^. zff)^2(nm^BMizXi>^ 

flBSi&jBjs-r s^»i®«titc^ssiigffl8 «rm-rs xs 

tX^-ytztk. E2Bl:^1^«0nSGaAsS«l 

mmm8iizvymmioim^$iii> (S3a# 
B^) . mz. zinz^bx. mnmi<7)mmmiz 

mitm^^liZ. nMGaAsS^lSrJn^U-C'JyS: 

m^-tt ztizi: -oximnimmsizim^ixrz u > 

ffiffi8(::3giit^SAl,3Ga,-,3As^l 1 
-fri. (03 B#.^) . 

[00431 zm. m 1 ffimmmzxh^i¥\^'- 

a A s.^^ftV— If . 
[0 04 41 Z<nf^2<7mikimizXtl\i. ^1^0^ 

wmt mm^j:m^.i:nh z t ifix-^ ^ffitissHHs 
s:'jysr^tfi?ffl5i4'Ti!waa-ri>xs (m.^'^ms 
i)^m\m9im^-i-hxm , z<DmM^zi.->x^ 

mmsiz^t^^hAi^iGai-xiAsmmm^t 

lxmt:n~<^^^X'iSMtX'€oi:ol>zVX\i^tZ 

m^x*)%mizm^ixibmz. ^i<r)mmm 
'cmmfhxmt)'iy^mms8izm.mttciA i .3 

{i. MOCVDSlaS:ffl^'^•C1T3C:t*>'•C-^S/i*^). i 

co^i^iy—f<r)mtiz^$ixmm^m<m)sam 

IhZkifiXti, 

[ 0 0 4 5 ] c:^0%BB<0®3^7)||^feJg@i^oV^•C 

mmth. ±j&(omitsxx/m2com&mmizii\,^x 

izx*), ^m^mmi}^hm-(tm^mi-fi>x^izix\^ 
z<^?^3<r)^m^iizti^^xit. ^^mm^'j 



[0046] Vkhh. Z<D^3<rm&0^BizXh^m 

f^tu— r<ofUi:fr&(ctjv>t:{i. f^Kom^mmizi^ 

Stltofc^. a2Bfe:S^-r«®<0naGaAs««l 

Vjim-fS. dcor^X-^jaSKi. pSAl.iGa,-,, 
As^'7•y F«4^naAl,,Ga,.,,As^'^ y 
2tcSA§iT/c^«!l**. Al,jGa,..2AsStt«3 

imm<^A^i&si mm8oor:mm<^i&&) x 

'0&\^m.XlRoZki}'mL\>\ Zff)ry:('7m^ 
fNo-W^^tfSfc. ro-tx^xtLXy^xy^y 

(PH3 ) ^fflV\ JE:^$rl OOTo r r, a^jSSS- 
2 0 0*Ci:-f^. CLixtciO. ISl<0^Sfi}^»«^@3A 

tsrrtpiatc. ^mmm8i)-t>mssi9tim:^ti 
^tmz. ^m9i}^m^^titztk<^mi/sm8{z<j 

ymMl O^m&^it. i^f^8i)^'Jyiz3:^X 
[0 04 71 <li:t, mSAiZjfii-mS^COnmGaAsm 

mi:. mumocYD^mizmx-ti-, "ttx.m 
timi(ommmiziHfhtmm^z, nMcaAsa 
mi:mix')yi:m^^!S>zbizxr.xmmim 
m8izmiS.^tifzo y^mm 1 0 ^m^tfz^k. moc 

VOmi^zX OftSSSSH8tc®lfc^l.A 1 ,3Gai.,3 

AsMi msBmi) . 

[0 0481 i<^*. ^KDHttJ^SIt^iS^ftW- 
^fcoS?Jt:6-ai:ll«l-XSSrjia')T. BWt-TSA 1 G 
a A s ^mWl^—f^^^-^^ . 
[0049] iioms cOiaSJeiitC iiHf . 1^ 1 

ffi8*'<?.<0i!^bK9«^&. IB 1 (Olgte^HUcit'^r 

[0050] i5c{c. zcomMcom4ff)mmmzo\.^x 
m^7iMizvyi^i^i)^wsMm*-hm^ti 

l.3t5:©l|XL^V^ (A 1.2Gai-,2As-mJi3J:0>''« 
05{i. i(^m4<^IIIBg!StwJ:&i}^*U-fO 

[0051 ] -r^:i5*>, c:<7)^4<0llSfeJgffit:«J:S*# 
iii^(*^-ifo5Sg:^ffiti^«^xgcfi!oT, v-r 

«jt l:}gB!i-ri.^«=lt-«i5S«8W8 2:m-ri>XS 
^•CtT-?/i<^. 02B{C5^-r<fc1S<OnaGaAsS«l 

imtimocvDmm.izw^L. ■^x9i^^9nx 
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^ t LT . MOC VDffitcJ: *)m^(^^^i^X\ ftffi 
SigaSiSr^O^iBfcSiSt tT A 1 G a I n Pig 1 4 

I Ga I nP<^^^izm'>hitlWM. MitfhU^f- 
jl'7)Vi-'yA (TMA) , hiJ^-f/l/^yU-^J^ (TM 
G) . hUj^f-zMyi^'n^i (TMI) j3it^73rX7 

SSJgiB8*>^,Kfl:j89^l^-rs. z<7)mizWi-m 
y^ristsmklXii. PH3 {C3&»;fCTBPSrfflV^T 

iztivymmmA^iiiisf. la5A^^^Jv^t■<i, <i 

[0052] JjCt, a^LT. A 1 Ga I nP<0^:it: 
fflV^/?,*l.l,^TOMiS, ■«:i?*>TMA. TMG. TM 

tc. ?g®i:=5:5A 1 Ga I nPMl 4<7)5I«W^:«:&S: 
no. ClcOAlGal nPMl4(0J¥§Ji. M;c<i'3 0 
Onm-CftS. 5rfc, ^:<!^-&, A 1 Gal nPK14 

7c«t:P5•^^T'V^&iti6. mzismbm^^j:^K t 
5gSt=5:SA 1 Ga I nPJK14^Bg:g$-ti-|./ta^ 
t{4, SISiaSSrA 1 Ga I nPiO^*S« («?!litf6 

oox;) tX'n-i&$^i'^mK>. ajs, ^<o#iaj§ 
stt>v^-c«. siRjaK^ 2 0-3 oi^m^•c6 o ox: 

tV^^^-t&XoizLX^^h. Ltzifi-oX, AlGa 

I npmiAmmmwL^^z^tiL^x'nhtih^m. 
\\ 

[00 5 3] ClcT)^, mic7)||igJg®tJ;S¥^«t^- 

a A s 9M^«:U~if . 

[0054] c:£7)®4colDiJ^ISt itHf, 
AlGal nP1114cOll®£l%r^ft{C5fei-:>T, Al 
Ga I nP^7)^:^{-ffl|,>^>ix&Kflc7)o*>'J>'$:^tflS 

ffi8*»<i><r)iSfl:lg|9<^l^fc<J:lX^^S|jSia8'^<0SgJi 
l>c:i:t:j:'), m2«0SIStJ^®fcRa^rfiJAS-#Svli: 

h<nx'm<. :.<r>m(r)mm^M'.zm^<^m<ry^ 

mmmx-hh. ^ui. mmmfizii^yamftz^L 



i^'^Aff)mmm.'.zii\^x\t. sss-ii^-ri.^* 

[0056]*^, ±.-&<Dmi'-'W>A<nmS^W<zii\.\ 
XM. ftgS^Bi8c0»^-ri.|g«0x-y^y:/-7;?.^'i: 
LTfflv^/::v;?.^'7S:, i«gtS^iS8^fgi«!iSi/::{ir 

mmhm<n^^^x^tLx^^Lx\^hii^, ft» 
[00 57] ^y::, ±^(D^\~~m3<r)mLmmizii\^ 

XM. l^lifsigffi8t}^j£§nAv:'J :^ia«l 1 02:1^ 
Lfc«. iMillJgffi8t5gl^:Jg«tl.J:otc:tTl^S 

[00 58] ttz. l.m(n^l-t^A(n^mm\iZi5U 
X\t. ftfiSSSaiii8fc:fgfl$:»B£-ri.J:oKLt:^^l. 
if. *lill4Sia8{C{i. im^z^lXf^yi^^-'y^y 
mim^-thiio^zLXiji.^^. i<ov-?-/>"<i-i^3y 
|g|<^B!ct:{4. f5«/.Jf, CVDmttzliryX 
vCVDS^i:'$-fflv^S::i:**f^|.. JfctJ, /N*>yi^'< 
-i^Bymy'yX-7cyDmizX*)m^-rt^ii. 

C: t fcJ: ^■Cfti®iSJSH87&><J.S!-ft:!S9 ^l^*-rsxg 

z<DryX'7>mizx-ixm^9timiWztik 

O^SSgffi8fcJ^fig§tut 'J yiR^Ji 1 0 & 

aigfc^. m-<Dmmm.x''^Lxnozti/'X'^?> 
[ 0 0 5 9 ] ^/c, ±a<o^ 1 -m4 <r)mimmiizi5\,^ 
•vty^^i-i>z.t{,zi:'o^mi^msi:m^-ttxoiz 

Uzm^lZ':>\nmmLtiifi. Z<rmmi, !f«Ji 

m^^m^m&t^xo^zLfz, ^i^mhmmu—fit 
mmthzth-^mx'hi. 
[ 0 0 6 0 ] ±j^f^ 1 -^m4<7)mimmiz)i\,^ 

X\i. Z(n%miDHmilk<7)A 1 GaAs^ifi^ftU- 
{4. SCHflljiOA 1 GaAs^i|i^f*U— fOSSiK 

jifflt&cfct>^fl6T'*i>. z(7mmi, AiG 

aAsig^r^3r-F^i?jH±^t&. III-Vg|<b 

^iHD^fr^ fflv ^i^^f^mi^mM^f-m<7)mmizmt 

iCitiMmVh^, mmiZii, a l Oa I nP^^I^ 
mi¥mM=f-, Ga I nAs^^ft:?bt#^. I nP 
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mmi¥m,m'F. m^izx^xn. caNi^^*^ 
[ 0 0 6 1 1 . ±^'m 1 ~m4<r)iiseBffitcfcv^ 

iijmi. Mitf. iaicii^-rj:p{c2(Hia<^xt^' 

±#*5a<5.a&i#^<01«i«ra. S'ot-Ji. MOCVDS 
[0062] 

Stifle, fiiimm£^ti-f::ik(o^mmmti^'j yiz 

X^Xi^mt^ix. mit^tHz<\^m^t^j:^t:ib, 



t:J:^.i^^r^lt^t'Slts^:fc<^v^^^^f^i:v^••yv'<. 
mil c<7)wmmi<mmmzj:m^m\^-i' 

[02 ] Z<^%m(Df^ 1 iOHSSBSt j; 

[05] c:<^^J<?)»4<05ISfeJ^}8tcJ:&*»fr^— 

1 • • . nSGaAsStg. 2 • • • nSAl.iGa 

i.,iAs^'7-/H«, 3- • • A l,2Gai.,2As«tt 
^ 4 . . . pSA l,iGa,..iAs77 y HI, 5 • 

• • pSGaAs^^-yrJi. 6 • • • nSGaAsl 
SSS^i^l, 7 • • • 8 • • -^ygSiSBB. 9 • 

• ■ wm. 10- • 'J yis^tii, 11- • • A 1 x3 

Gai-.jAsli. 1 2 • • • piimS. 1 3 • • • nffll 
14 • • • Al Gal nPli 
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